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(54) EXPOSURE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make the pitch of a 
projection pattern on an exposed surface the wavelength 
of a light source or below. 

SOLUTION: A laser beam 2 (wavelength A ) emitted 
from the light source 1 is reflected by mirrors 3a and 3b, 
to be guided to a beam expander optical system 4. 
Further, the laser beam 2 is converged by a focusing 
lens 4a and passes through a pinhole 4c located in the 
focal plane of the focusing lens 4a, to be converted into 
a parallel luminous flux 5 whose beam diameter is 
expanded by a collimator lens 4b. Then, the parallel 
luminous flux 5 is made vertical incident on a phase 
shifter 6 constituted in such a manner that projecting 
and recessing parts are repeatedly formed on the light- 
emitting surface side of a parallel plate made of a 
transparent material having a refractive index of (n), to ffe 
pass through the phase shifter 6. Consequently, +1st 
order diffracted light and -1st order diffracted light are 
obtained and interfere with each other on a 

photosensitive film facing the phase shifter 6 with a spacer 7, so that fine interference fringes 
are formed to expose the photosensitive film. 
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>yf-%A,, jSQ 2 ©fig (x = x 2 ) T-©JS«i«J*jS© 
tfyf-ftAtfcfSi: (A>, Aitt, fuffi^7^-6± 

[0 0 4 7] 



DR4] 



« DR5] 



★ jSQb ©{4 
[0 0 4 9] 
BK6] 

tan 0i /(tan 0i +tan0 2 ) 
•k [0 0 5 0] 

CR7] 



• • • ^4 

• • • S5 

(x = Xa) ti^ST*#^.^n5o 



(5) «t»)3*jS-e#A6nSo 

Ai2 =A/ (sin0i +sin02) —h\hz/ (A1+A2) • • 
SEot tH-fcf>y^©«^ (Ai = A2) tea A 12 =A> fe5 HO @#Tft#f££f §©t?. 



S6 



S7 



>x/2^^mxh 



[0 0 5 1] l^yf-aM&Hk: J: (A 2 =A. 
(l+A) ) jSQ. 2 K#*LftH»«#fiSie±OjSi*Q 

• tu cofiB (x = X3 ) wmmtmmwv?-** casi 

A 3 = (A 1 tan02 + A 2 tan0 1 ) /(tan0. +tan0 2 ) 

A!o t a < i <Dm^ mMLmwMimmB&KiB& t « [0053] 

TV3*^« A < 1 ©lf^+5M K> io) ictt, tan [» 9 ] 

02 =tan0, (1 -A/cos 2 0 ! ) <fc ?> 9 StO, * 

A 3 =A, (1 + A/2) 
A<10*^fc«, S (7) £*)=FWm<D\£y?- 10* [0 0 5 4] 
A, 2 * 0 ★ GR10] 

An =A. (l+A/2) /2 

3iffi±©ffifi-e©«lffl««31©b!'y ^ As 

»"r*fc»{cKf»jfiEois{iii/>x*ieaii: Lfc#, *n 
tasis t ammm<o e v * t> n t> £ uBssntv 20 

[0 0 5 5] ftfe, RftB8±?Tfc8WjWBJS*nS© 
<Dj&6 A fc»jSl B 6 § @#t JKOSjS* C i: f 3 C» l l ] 



(6) #BB¥ 10-161 295 

10 

LTAsti^S^ifiiKTtSo 
[0 0 5 2] 



S8 



S9 



• • • Si 0 

[0056] jsfflw«3gffi6 afcaa-rs^o&tt 

ftEttfi£felISffiLT<So 03 (A) N (B) CO0IJT' 

* <fc ^ +1 3>cew©@sf3fe8%4 ba^feft-e 

jWSC fc-e^-TS n 3W3#f)tt03l«* I » t LX& 
[0 0 5 7] 



1 0/ I i = jt {1-2 e(l- 



1 2 / 1 1 =cos n £ 



[0 0 5 8] 
[0 0 5 9] 

6 =2w(n-l)h/A 
03 (A) , 03 (B) (h = A/ {2(n- 

1)} , e=0. 5) T'«A<A<2 AtrfeO. 2Wt 
fctfiWf, S (1 1 ) £ O&ftfe 1 0 = 0 T-$»^o 
*->t)tC2 A<AffeoTfeS (1 2) fPh2Wt%> 1 2 

= 01?&£o 

[0 0 6 0] -73, 04 (A) , 04 (B) (h 
= A/ {2(n-l)( , £ = 0. 4) T'feA<A<2 1 

■?2&M4#aEL&v\^ 1 0/ 1 1=0. 11 -est), 

03W1W^S*"r* (2 A<A[C&£i:S (1 2) fr62 

[0061] z.amKmym^WK.^-t&^it^y 
Mfc^sjttfvivsi^c t (wi^tf 1 0/ ( 1 0 + 2 1 , ) 

£0. 1) »i^i§„ 

[0 0 6 2] ^ *ftw<vm2<Dnn<DBw t k:-o^T 
[0063] m2<Dmm<Dmmimmmmm<Dmmm, 

HffXttfiiWOliyf-A^ A<A<2AfcPU£ 50 



£ ) (1-cos 6 )} / {2(l-cos <S)sin 
♦ ♦ [ftl 2] 



7T £ } 



SI 1 



Si 2 



30* [|SU 3] 



40 



• • • Si 3 

[006 4] ^1 0gS«0fcffiTttJSI»iWl!!]fl8£<D§r 
U W*tfH8fcwt'J:5WWKWIfffifc4*o 08 £ 

rs easts* a. bttsmttvtz&mrsifis 

U flgP©±ffiRS-fMlRj-r^Bg|5ST, QRcO^ffi 
[0 0 6 5] DEoTftc, d^aJf bEfiS-TSfc 
(Sl 1) s (Sl 2) i4^7^-*fflffl«?fcU ffi 

SttJ^l3fifcat/ ,, o (*D ttA=l. 0/iiru n = 
1. 5, h = A/ {2(n-l)} , A=0. 4 5 7 9 /i 



(7) 



11 



0- 

12 



16 12 9 5 



*@Sf)tt5lft*W«bfc*itte»«^bTV^*. [0 06 7] 

[00 6 6] ^ (Si) KJtOttSSwbfclllW*, [Hi] 











I -a = 3 1 0 mW 




I.,= 8 0 OmW 


OiK 


I o = 8 QmW 


1* 


I , =8 0 OmW 


2& 


I s = 3 3 0 mW 



[006 8] I o / I . (=0. 1) tf-VuKjEWT? 6 = 

W HBO I./ 1. (=0. 4) < , 

(Si 1) (Si 2) ©jfoi#aiU\ £©?MttEI 

8 -e^ l fc «fc 3 &^ei*jc <fc stttisw, fflmmcon, 

[0 0 6 9]$oT, 0^*«t< bfcKt>BBt>6-f» 

2 350t*«#ffif S fc 46, 1 #/2# 

©K0=F#K: «fc § S/7 *-JBflB©SSH»*^aEWP* t) , 

[0 0 7 0] b*»U H 2 <OMM<Offi$&~£\&fflWS% A 
<A<2 Afcffi£-rs<:£*i$«fcLTVSo C©H#, 



[0 0 7 1] fStH8t^Lfc^<, mm^<D^icx 
atftV\ 0#tt*tB«S#3*fl : tt3 (11) ®ifi# 

[00 7 2] (12) BA=1. O/xrru n=l. 5, 
h=A/ {2(n-l)K A = 0. 514 5/imO{±IS 
*l«k:LTSt^Lfc^7*-*Mji"rs^O«-llSTM5 

[0 0 7 3] 
[*2] 









-2& 


I- s =0mW (ftEfctfT) 


-1»C 


I -i=7 8 OmW 




I o =4 OmW 


1»C 


I i = 7 9 0 mW 


2& 


I. =DmW (ffffi-frT) 



[0 0 7 4] ctDiitft, aiKBD± 1 #WM>@St 

[0 0 7 5] MZ, *«WO»3<D**<D»||*«ffl8f 
[0 0 7 6] »3©*»0»IBttttffiS/7#--0«ljjW 



50 



[0077] H9 ttifwmm 3 vmmni&Mfcistt* 

fC&l/VC, fuifB> / 7^-Sffi«®#r^no (no>n, n 

ti^7^-6oasf*) ©MEijf 6 bfcsfotrastK 



(8) 



10-161295 



13 



14 



to 

[0 0 7 8] 



* OKI 4] 



h = A/ {2 



(no — n) } 



Mtzita, bimmmebttDftmttzozzmmt -pts. 

5„ £fc£4ffig|3QR, ST^Attf^ftc, d B\ no [0 0 7 9] 

©SSJBWiSlU -SBtfc' , d' ©J:$fc£»t 
§o )tc' , d' H:iQ»RS"«f>«lft-r*iS»BBffST, Q 
RCJW^jgiiLT^a^McSfi-f 10 
^©■^©f&tffifc/hS^o t*oT38WJB6 bO#flEK 

< A ©*£"*?«> (Sll), (Si 2) T*^LfcKlftj£* 



• • -Si 4 

(*3) a («i) x^htc^-y-fMzz 

nS (no = 2. 0) Zf$ML (JIJ*2/im) s gffifc 

So fcfe-ffr&Mis* 2 p sic <fc § u vwmosare^ 

= 0. 4 8 8 |im) o 
[0 0 8 0] 
[«3] 





UlifrifcSIc 




— 2 25C 


1-2=2 Q OmW 




I-i= 3 7 0 Q mW 


o#: 


la =3 0 0 mW 


13? 


I , = 4 2 0 0 mW 


2* 


I , =2 0 OmW 



[0081] zvnmm, ±\&®mt<mmzvo* 

|HH»©»*h», A/ {2(n 0 -n)} 30 

±i3fcw^o@sf3t©«^«*iiA6n**i-n 
[0 0 8 2] #ttc, W*S7k:e«©*»W©-*«o 
[0 0 8 3] i«, *^ffi©^Hti, t£*©»fcI6H©# 

[0 0 8 4] *^ffi(D0ffi(i{iffii/7^-©ifffif±«^ 

&i<o9mm%ttmvmR*i\mu m*Litwmtt 40 

fit §0 #^W©JBHfC»ttSttffl->7 *-»fffi©tt 
«tt« 1 ©*»©JBl»T?©ffc« (e=0. 5, h = A/ 
{2(n-l)} ) frt>±t<-fibto mtf, £ = 0. 
4, 3= l 0 0&£-T5£> (Si l) , (Si 2) ^ 
£>Io/I. = 2. 03, Ii/I, = 0. 0 9 5, -T^fc^ 
± 1 ^@*f^©^Sftl ( 1 1 + I -i ) # 0 3fc ± 2 £0 
Sf^©3Saft ( I o + 1 2 + I -2 ) KSHSSL < 
01 0©ftHl 0«e = 0. 4, <5 = 100S©*ff 
T\ 1 0 AKtifeS5)t«|±1?©)t3Sfi^*^LTte 

A = 0. 4 5 7 9 /xm, H£i#§ig>£: A = 1 . 0/im 50 



©»K CtttRl ITHSjS) fcbTDHffl/feWJHSSlf 

±1^0^ ±l*fc±23fc@SfJtt©=F»T?, 
S'?*- £ * ( 1 . 0 n m tf y ©&fi$W&^ 

[0 0 8 5] *HSS©^ffifC*5^5JlffiW«3i©»Tffif± 

^inboi/ (mar 1/2-2^) t-r^/cit-e, $s 
[0086] n % ±tB^ u 2, 3<Dmmmm, rxs 

^©ft^c^ofc^/^-^ (BP'S, *B»)EUBj££ 

nfc/^-y) •ea6oT«xfc<, Sfc, ^©KifflsxttiS 

BP©lf'yf-*MftfiK:J:-3Ta*-3T*>J:<, HflflBi© 
^fcfy* (££{«? £>yf0 ©M/^-y»^RlHB 

[0 0 8 7] Sfc, iS»WHfl«}g©^«, fff¥i 

jsmu ^^--^^©iic©^xyf->^-rs^ 



15 

[0088] *fc, mmtyy z-'wxmytii., mmx 

[0 0 8 9] gfc, *^©Stt95«tt, ±IB#HSS© 10 

[0090] «±^fc«(c, ±.mmmm\z <fcn 

^M^oTtM^n^h^Xh^Hif^nStDT, 20 
[0 0 9 1] 

B8WOS»«] «±$^fc t C 3 6HJ3 6 fr&<fc 5 fcfc 

?% 0 

imrnoffiWxmmi 

im i ] *%m<om i ©^*©»»K*w-sw!fi»B© so 
mm 

im 2 ] #?gH8<7)i? i <D$m<D&mc*8V&&ftmw<D 
[03] #5gfi<DSg i <Dnn<DBMfci5i}z&y£mw<o 

7P0 

(B) H\ x = 0|imtx=-0. 4 jimfcjSttSft® 
[0 4 ] l ©Sgffl^ffifc*5fr3»fcSfi© 40 

(a) it, z = x<Dim-?<D, xmMKfe-okytm&tt 
ism 

(B) tt> x = 0/im£:x=-0. 4/jm}cRlj-5)t3i 
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16 

[0 5] #fgmi©!g 1 ©ll«0«lBK:*frSWfc8B© 

sam±?oy&^G<DW&*ifrr& 3 §^0T\ 
(a) a % z = \<Dimx*<D, xgmKB^rcfflugft 
^0 

(B) a, x = 0pmfcx = -0. 4fimlCftW-«aHft 

g©M^0 

[06] 1 (Dmmmmic&f^mftmmo 

^0 

(B) 14, x = 0 (imi x=-0. 4/imfcSW53fc3a 
[0 7] *«ra©IISt©JKI8U:*^S«^lloiIJH«l 
0 

[0 8 ] xmion 2 <Dmmmm^mf^nm^(D 
[0 9 ] ^mrnrn z<D%mmm\^v%^WMm<r> 

[01 0] *^©-3te8Sojg«lfci3»t**^«o« 

[011] fie*©K)tSB©««H 

[012] (A) tt % ra*<0»1£gB<E>JSCSIBI 

(B) tt % fie*OB3tSBKfeft*ffi*a^7hj£OISSi 

0 

[01 3] !8!*©«3SBaik:*»t*fl!lOttlB'>7 hS© 
MJ10 

[01 4] t&foDKfcSBfcfcttSx tt«S/73»H?f* 

1 • • • u-if-^M 

2 • • • Iz-tf^-ft 

3a, 3b"'Klt57- 
4 • • • e'-Ax^XA>^-^ 
4 a •••7^-*~>y^ly>X 
4 b'-nU^-M^X 

4 c 

9"'Hft»£ 




[01 2] 
(A) <B> 

23 



19a 

19b "7^^ 
19C ttftSO?- 
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